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yield nutrient-rich materials that may have various agricul-
tural uses. The method can include, in some embodiments,
forming a slurry from components comprising liquid and
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METHODS AND SYSTEMS FOR
PROCESSING ORGANIC MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to U.S.
Application No. 61/400,433, filed Jul. 27, 2010. The contents
of this application are hereby incorporated by reference in
their entirety.

BACKGROUND

1. Field

The present application relates to processing organic mate-
rial to obtain nutrient-rich components.

2. Description

Anaerobic digestion is a biological process in which
microorganisms break down a material in the absence (or
limited amounts) of oxygen. Although this may take place
naturally within a landfill, the term normally describes an
artificially accelerated operation. Anaerobic digestion can be
used for processing various waste materials, such as sewage.

Anaerobic digestion can yield components including bio-
gas, digestate, and wastewater. Biogas is generated by the
microorganisms digesting the material and may include
methane, carbon dioxide, water, and other gases. This biogas,
and in particular methane, has been used as an alternative
energy source. The digestate can be the remaining solids after
the digestion process and may be used as compost. Wastewa-
ter may be disposed within a lagoon, wetlands, irrigation
projects, or other appropriate locations.

SUMMARY

Some embodiments disclosed herein include method for
processing organic material comprising: forming a slurry
from components comprising liquid and organic material;
combining the slurry with microorganisms to form a biomass;
anaerobically digesting the organic material in the biomass;
and at least partially separating liquid components from the
digested biomass. In some embodiments, no more than about
0.02 m® of methane per kilogram of organic material is pro-
duced during said method.

In some embodiments, the liquid comprises water,
leachate, or a combination thereof.

In some embodiments, the biomass is maintained at a pH in
the range of about 3.5 to about 8 during the anaerobic diges-
tion.

In some embodiments, the microorganisms are mesophilic
microorganisms. In some embodiments, the microorganisms
are thermophilic microorganisms.

In some embodiments, the biomass is maintained at a tem-
perature in a range of about 77° F. to about 105° F. during the
anaerobic digestion. In some embodiments, the biomass is
maintained at a temperature in a range of about 120° F. to
about 135° F. during the anaerobic digestion.

In some embodiments, the organic materials in the slurry
have an average particle size of no more than about 10 cm. In
some embodiments, the slurry comprises about 40 to about
100% by weight of organic material relative to a weight of
liquid in the slurry.

In some embodiments, an average time period for anaero-
bically digesting the organic materials is in a range of about 1
day to about 14 days.
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In some embodiments, the microorganisms comprise
hydrolytic bacteria, acidogenic bacteria, and acetogenic bac-
teria.

In some embodiments, the separated liquid components
comprise at least about 0.1% nitrogen by weight.

In some embodiments, the method includes receiving the
liquid components into a liquid reservoir and maintaining the
liquid components in the reservoir at a temperature of no
more than about 70° F.

In some embodiments, said method is performed in a
closed system.

In some embodiments, the method includes filtering at
least a portion of volatile organic compounds, hydrogen sul-
fide, or volatile fatty acids produced while anaerobically
digesting the organic material. In some embodiments, the
volatile fatty acids comprise acetic acid, propionic acid, or
butyric acid.

Some embodiments disclosed herein include a system for
processing organic materials comprising: a comminution
device fluidly coupled to a biology reservoir; a first heat
exchanger thermally coupled to the biology reservoir; a
dewatering device fluidly coupled to the biology reservoir,
wherein the dewatering device is configured to at least par-
tially separate liquid components from a composition
received from the biology reservoir; a solids reservoir fluidly
coupled to the dewatering device and configured to receive
solid components from the dewatering device; a liquid reser-
voir fluidly coupled to the dewatering device and configured
to receive liquid components from the dewatering device,
wherein the liquid reservoir is fluidly coupled to the biology
reservoir and configured to return liquid components to the
biology reservoir; and a housing having a closed interior
portion, wherein the closed interior portion comprises at least
the biology reservoir, the solids reservoir and the liquid res-
ervoir.

In some embodiments, the system includes a weighing
device configured to weigh an amount of organic material
provided to the biology reservoir.

In some embodiments, the system includes a first water
inlet configured to fluidly couple a water source to the biology
reservoir.

In some embodiments, the system includes a water reser-
voir thermally coupled to the first heat exchanger and the
biology reservoir, wherein the water inlet fluidly couples the
water reservoir to the biology reservoir.

In some embodiments, the liquid reservoir is fluidly
coupled to the biology reservoir and configured to return
liquid components to the biology reservoir.

In some embodiments, the system includes a second heat
exchanger thermally coupled to the liquid reservoir.

In some embodiments, the system includes an air purifica-
tion system operably coupled to the interior portion of the
housing.

In some embodiments, the system includes an automated
process controller configured to execute instructions for pro-
cessing organic material.

In some embodiments, the system includes a first flow
control device operably coupled between the biology reser-
voir and the dewatering device, wherein the first flow control
device is in communication with the automated process con-
troller and configured via the automated process controller to
adjust a flow of a digested biomass from the biology reservoir
to the dewatering device.

In some embodiments, a first temperature sensor config-
ured to measure a temperature of the biology reservoir and in
communication with the automated process controller. In
some embodiments, the first heat exchanger is in communi-
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cation with the automated process controller and configured
to maintain the temperature of the biology reservoirina range
of about 77° F. to about 105° F.

In some embodiments, a first temperature sensor config-
ured to measure a temperature of the biology reservoir and in
communication with the automated process controller. In
some embodiments, the first heat exchanger is in communi-
cation with the automated process controller and configured
to maintain the temperature of the biology reservoirina range
of about 120° F. to about 135° F.

In some embodiments, a second temperature sensor con-
figured to measure a temperature of the liquid reservoir and in
communication with the automated process controller. In
some embodiments, the second heat exchanger is in commu-
nication with the automated process controller and config-
ured to maintain the temperature of the liquid reservoir at no
more than about 70° F.

In some embodiments, the system includes a second flow
control device operably coupled between the water source
and the biology reservoir, wherein the second flow control
device is in communication with the automated process con-
troller and configured via the automated process controller to
adjust a flow of water from the water source to the biology
reservoir.

In some embodiments, the system includes third flow con-
trol device operably coupled between the liquid reservoir and
the biology reservoir, wherein the second flow control device
is in communication with the automated process controller
and configured via the automated process controller to adjust
a flow of liquid components from the liquid reservoir to the
biology reservoir.

Some embodiments disclosed herein include a non-transi-
tory computer-readable medium having instruction stored
thereon for execution by a processor to provide a method for
processing organic material, the method comprising: forming
a slurry from components comprising water and organic
material; combining the slurry with mesophilic microorgan-
isms to form a biomass; anaerobically digesting the organic
material in the biomass; and at least partially separating liquid
components from the digested biomass. In some embodi-
ments, no more than about 0.02 m® of methane per kilogram
of organic material is produced during said method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram representing one example of
method 100 for processing organic materials within the scope
of the present application.

FIG. 2 is a block diagram illustrating one example of sys-
tem 200 for processing organic materials within the scope of
the present application.

FIG. 3 is a block diagram illustrating one example of sys-
tem 300 for processing organic materials within the scope of
the present application.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter pre-
sented herein. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
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4

illustrated in the Figures, can be arranged, substituted, com-
bined, separated, and designed in a wide variety of different
configurations, all of which are explicitly contemplated
herein.

Disclosed herein are systems and methods for processing
organic materials. The process may, for example, yield nutri-
ent-rich materials that may have various agricultural uses.
The method can include, in some embodiments, forming a
slurry from components comprising liquid and organic mate-
rial; combining the slurry with microorganisms to form a
biomass; anaerobically digesting the organic material in the
biomass; and at least partially separating liquid components
from the digested biomass. In some embodiments, no more
than about 0.02 m> (about 20 L) of methane are produced
from the anaerobic digestion. Also disclosed are systems for
processing organic materials. The systems may, in some
embodiments, be configured to perform the method of pro-
cessing organic materials.

FIG. 1 is a flow diagram representing one example of
method 100 for processing organic materials within the scope
of'the present application. As illustrated in FIG. 1 method 100
may include one or more functions, operations, or actions as
illustrated by one or more operations 110-150. Operations
110-150 may include “Providing Organic Material” opera-
tion 110, “Forming a Slurry” operation 120, “Combining
Slurry with Microorganisms™ operation 130, “Anaerobic
Digestion” operation 140, and/or “Dewatering” operation
150.

In FIG. 1, operations 110-150 are illustrated as being per-
formed sequentially, with operation 110 first and operation
150 last. It will be appreciated however that these operations
may be re-ordered as convenient to suit particular embodi-
ments, and that these operations or portions thereof may be
performed concurrently in some embodiments.

Method 100 may begin at operation 110, “Providing
Organic Material.” In operation 110, organic material is pro-
vided for processing. The organic material is not particularly
limited, and may be any organic material that is suitable for
anaerobic digestion. Non-limiting examples of organic mate-
rial that may be provided in operation 110 include: raw sew-
age, animal waste (e.g., manure), soluble solid wastes (e.g.,
cellulose-based paper products, such as cardboard), food
waste, and the like. In some embodiments, the organic mate-
rial is food waste. The food waste can be, for example, pre- or
post-consumer food waste. Some examples of food waste
include, but are not limited to, dairy (e.g., milk, cheese, etc.),
meat (e.g., poultry, beef, fish, pork, etc.), grains (e.g., bread,
crackers, pasta), fruits, and vegetables. As one example, the
food waste may beunsold or expired food from a food retailer.
As another example, food waste may be uneaten food or
scraps from a restaurant.

Operation 110 may be followed by operation 120, “Form-
ing a slurry.” In operation 120, the organic material can be
formed into a slurry. In some embodiments, the organic mate-
rial may be reduced to particulate (e.g., comminution). Any
suitable method for comminuting the organic materials can be
used. For example, the organic waste may be subjected to
grinding, cutting, crushing, milling, macerating, hydro-pulp-
ing, and the like. The size of the particulate formed from the
organic material may vary and may be selected, in part, upon
the conditions for anaerobic digestion. The particulate may
have an average size of, for example, no more than about 10
cm; no more than about 8 cm; no more than about 5 ¢cm; no
more than about 2 ¢cm; or no more than about 1 cm. The
particulate may have an average size of, for example, at least
about 500 pm; at least about 1 mm; at least about 2 mm; or at
least about 5 mm. In some embodiments, particulate has an
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average size of about 1 mm to about 10 cm. Non-limiting
examples for the average particle size include about 2 mm,
about 4 mm, about 6 mm, about 8 mm, about 1 cm, or about
2 cm.

The organic material may, in some embodiments, be com-
bined with a liquid to form a slurry. The organic material may
be combined with a liquid before, during, and/or after the
organic material is comminuted. The liquid can be, for
example, water, leachate, or combinations thereof. The water
may be, for example, potable water from a municipal water
source or a well. As used herein, “leachate” includes liquid
components isolated from an anaerobic digestion of organic
materials (e.g., liquid components obtained from dewatering
operation 150 in FIG. 1, which is discussed further below).
The leachate may, in some embodiments, be unpurified
leachate that has not been subjected to purification (e.g., the
leachate has not been purified after being obtained from
dewatering operation 150 in FIG. 1). In some embodiments,
the liquid is water. In some embodiments, the liquid is a
mixture including water and leachate.

The relative amount of liquid combined with the organic
material can be selected to vary the characteristics of the
slurry. The relative amount is not particularly limited and may
vary depending upon various factors, such as the type of
organic material and the anaerobic digestion conditions. The
amount of organic material in the slurry may be, for example,
at least about 40% (w/w); at least about 50% (w/w); at least
about 60% (w/w); at least about 75% (w/w); at least about
90% (w/w); or at least about 95% (w/w). The amount of
organic material in the slurry may be, for example, no more
than about 100% (w/w); no more than about 95% (w/w); no
more than about 90% (w/w); no more than about 75% (w/w);
no more than about 60%; no more than about 50%; or no more
than about 45%. In some embodiments, the amount of organic
material in the slurry is from about 40% to about 100%.
Non-limiting examples for the amount of organic material in
the slurry include about 50%, about 67%, about 75%, about
80%, about 83%, or about 86%. In some embodiments, the
balance of the slurry is the liquid combined with the organic
material.

As noted above, the liquid may include a mixture of
leachate and water. The relative amount of leachate and water
added to the slurry is not limited. The relative amount of
leachate to water can be, for example, no more than about
100% (w/w); no more than about 50% (w/w); no more than
about 35% (w/w); or no more than about 20% (w/w). In some
embodiments, no leachate is combined with the organic mate-
rial.

In some embodiments, the amount of leachate combined
with the organic material can be determined based on the
nutrient content in the leachate. For example, the leachate
may be combined with the organic material if the nitrogen
content in the leachate is below a pre-determined threshold;
however, no leachate may be combined with the organic
material if the nitrogen content is above the pre-determined
threshold. The threshold can be, for example, in the range of
about 0.05% to about 3% nitrogen. Some non-limiting
examples for the threshold include about 0.1%, about 0.2%,
about 0.3%, about 0.4%, about 0.5%, about 1%, about 1.5%,
about 2%, about 2.5%, or about 3% nitrogen. In some
embodiments, the amount of leachate combined with the
organic material may be inversely proportional to the amount
nitrogen in the leachate. For example, a higher volume of
leachate may be combined with the organic material when the
nitrogen content is less than 0.1% compared to when the
leachate has a nitrogen content in the range 0 0.1% to 0.2%.
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Combining liquid with the organic material is optional in
operation 120. For example, the organic material may be
comminuted to form a slurry without adding additional lig-
uids. Thus, in some embodiments, the amount of organic
material in the slurry can be 100%.

Operation 120 may be followed by operation 130, “Com-
bining Slurry with Microorganisms.” In operation 130, the
slurry is combined with microorganisms that are suitable for
performing anaerobic digestion to obtain a biomass. The type
of microorganisms is not particularly limited, and numerous
seeds are known in the art for anaerobic digestion. For
example, a mesophilic seed was provided to the inventors by
Penford Food Ingredients Co. (Richland, Wash.). In some
embodiments, the microorganisms include bacteria. The bac-
teria may include, for example, hydrolytic bacteria, acetoge-
nic bacteria, and acidogenic bacteria. In some embodiments,
the microorganisms are mesophilic. In some embodiments,
the microorganisms are thermopbhilic.

The microorganisms may, in some embodiments, be
present in an at least partially digested biomass. The micro-
organisms may be suspended within the biomass. Thus, for
example, the microorganisms may be combined with the
slurry by combining an at least partially digested biomass
with the slurry. The biomass and slurry may be mixed to
suspend (or disperse) the microorganisms in the slurry.

In some embodiments, the microorganisms are carried by a
solid support, such as, for example, rough stones, slats, plastic
media, microcarriers, media particles, a biotower, a rotating
biological contactor, and the like. Combining the slurry with
the microorganisms may include, for example, contacting the
slurry with a solid support including the microorganisms.

As will be appreciated by the skilled artisan, guided by the
teachings of the present application, the order of operations
120 and 130 can be interchangeable, and may occur at about
the same time or at different times. For example, the micro-
organisms may be first combined with the organic material
and subsequently comminuted to obtain a slurry. As another
example, the organic material can be comminuted and sub-
sequently combined with a liquid and microorganisms at
about the same time.

Operation 130 may be followed by operation 140,
“Anaerobic Digestion.” In operation 140, the biomass
obtained in operation 130 is maintained at conditions for
anaerobic digestion to occur. The particular conditions may
vary depending on various factors, including the type of
microorganisms, the organic material, etc. The anaerobic
digestion may, in some embodiments, produce low amounts
of methane. For example, in contrast to anaerobic digestion
processes intended to improve methane production, operation
130 may include maintaining conditions that limit methane
production (e.g., limit production of methane by methano-
genic bacteria).

The biomass may, for example, be maintained at a pH that
is effective for the microorganisms to anaerobically digest the
organic materials. In some embodiments, the biomass is
maintained at a pH that is effective to limit methane produc-
tion. The pH of the biomass may, in some embodiments, be
maintained within a range of about 3.5 to about 8. The bio-
mass may be maintained at a pH of, for example, at least about
3.5; at least about 4; at least about 5; at least about 6; at least
about 7; or at least about 7.5. The biomass may be maintained
at a pH of, for example, no more than about 8, no more than
about 7, no more than about 6; no more than about 5; or no
more than about 4. In some embodiments, the pH is main-
tained within a range of about 3.5 to 5.5. In some embodi-
ments, the pH is maintained within a range of about 5.5 to 7.
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The pH can be maintained, in some embodiments, by mea-
suring the pH at appropriate time intervals during anaerobic
digestion and adding a pH modifying agent, if necessary, to
adjust the pH. Non-limiting examples of pH modifying
agents include carboxylic, phosphoric and sulfonic acids,
acid salts (e.g., monosodium citrate, disodium citrate, mono-
sodium malate, etc.), alkali metal hydroxides such as sodium
hydroxide, calcium hydroxide, potassium hydroxide, carbon-
ates (e.g., sodium carbonate, bicarbonates, sesquicarbon-
ates), borates, silicates, phosphates (e.g., monosodium phos-
phate, trisodium phosphate, pyrophosphate salts, etc.),
imidazole and the like.

The temperature of the biomass may, in some embodi-
ments, be maintained at a temperature that is effective for the
microorganisms to anaerobically digest the organic materials.
In some embodiments, the biomass is maintained at a tem-
perature in a range of about 77° F. to about 105° F. during the
anaerobic digestion. For example, the biomass may include
mesophilic microorganisms that exhibit increased digestion
at about 77° F. to about 105° F. In some embodiments, the
biomass is maintained at a temperature in a range of about 90°
F. to about 98° F. during the anaerobic digestion. In some
embodiments, the biomass is maintained at a temperature in a
range of about 120° F. to about 135° F. during the anaerobic
digestion. For example, the biomass may include thermo-
philic microorganisms that exhibit increased digestion at
about 120° F. to about 135° F.

The relative amount of organic material to liquids may, in
some embodiments, be maintained within a range that is
effective for the microorganisms to anaerobically digest the
organic materials. The relative amount of organic material to
liquids may, for example, be maintained by forming the
appropriate slurry mixture of organic materials and liquid as
discussed above with respect to operation 120. For example,
no liquids may be removed from the biomass during anaero-
bic digestion, and therefore the relative amount is maintained
at the initial ratio provided in the slurry at operation 120. In
some embodiments, leachate (which includes at least a por-
tion of the liquids in the biomass) is removed from the bio-
mass during the anaerobic digestion. The leachate may be
removed periodically (e.g., daily) or continuously. Thus, in
some embodiments, additional liquid may be combined with
the biomass to maintain the relative amount of organic mate-
rial to liquid within a range. In some embodiments, additional
liquid is combined with the biomass to maintain the relative
amount of organic material to liquid to be about the same as
the slurry initially combined with the microorganisms at
operation 130.

The amount of organic material in the biomass may be
maintained during anaerobic digestion at, for example, at
least about 40% (w/w); at least about 50% (w/w); at least
about 60% (w/w); at least about 75% (w/w); at least about
90% (w/w); or at least about 95% (w/w). The amount of
organic material in the biomass may be maintained during
anaerobic digestion at, for example, no more than about 100%
(w/w); no more than about 95% (w/w); no more than about
90% (w/w); no more than about 75% (w/w); no more than
about 60%; no more than about 50% (w/w); or no more than
about 45% (w/w). In some embodiments, the amount of
organic material in the biomass may be maintained during
anaerobic digestion at about 40% to about 100% (w/w). Non-
limiting examples for the amount of organic material in the
biomass that may be maintained during anaerobic digestion
include about 50%, about 67%, about 75%, about 80%, about
83%, or about 86%. In some embodiments, the balance of the
biomass is the liquid and microorganisms.
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The average time period for anaerobically digesting the
organic materials may also vary. In some embodiments, the
average time period for anaerobically digesting the organic
materials can be in the range of about 1 day to about 14 days.
For example, the average time period for anaerobically
digesting the organic materials can be about 1 day, about 2
days, about 3 days, about 4 days, about 5 days, about 6 days,
about 7 days, about 8 days, about 9 days, about 10 days, about
11 days, about 12 days, about 13 days, about 14 days, or any
range including any two of these values.

The biomass may, in some embodiments, be mixed during
the anaerobic digestion. For example, the biomass can be
mixed rotating one or more blades to stir the biomass. As
another example, the biomass can be mixed by recirculating
the biomass within a reservoir, such as by pumping biomass
from a lower portion of a reservoir to an upper portion of the
reservoir. The mixing may be continuous or periodic. In some
embodiments, the mixing can be periodic at predetermined
intervals (e.g., about every ten minutes).

In some embodiments, additional slurry may be added
during the anaerobic digestion. For example, organic material
may be provided periodically (e.g., daily) and added to the
biomass during the anaerobic digestion according to opera-
tions 110-130. As one example, the anaerobic digestion may
begin with an amount of organic material on a first day, and
about the same amount of organic material is added to the
biomass during anaerobic digestion each day until day seven.
The anaerobic digestion may then be discontinued (or lim-
ited) for all or a portion of the organic material (e.g., by
cooling the material to a temperature that limits digestion,
such as in embodiments for operation 150 disclosed below).
The present application is not limited to any particular rate of
adding additional slurries to the anaerobic digestion.

The amount of methane produced during the anaerobic
digestion may be low relative to conventional methods. For
example, the amount of methane yielded may be less than
those produced by the processes described in U.S. Pat. No.
6,846,343, the contents of which are hereby incorporated by
reference in their entirety. In some embodiments, no more
than about 0.02 m® of methane per kilogram of organic mate-
rial is produced by the anaerobic digestion in operation 140.
In some embodiments, no more than about 0.01 m? of meth-
ane per kilogram of organic material is produced by the
anaerobic digestion in operation 140. In some embodiments,
no more than about 0.005 m® of methane per kilogram of
organic material is produced by the anaerobic digestion in
operation 140. In some embodiments, no more than about
0.0001 m® of methane per kilogram of organic material is
produced by the anaerobic digestion in operation 140. In
some embodiments, no more than about 0.02 m*> of methane
per kilogram of organic material is produced during the
method. In some embodiments, no more than about 0.01 m>
of methane per kilogram of organic material is produced
during the method. In some embodiments, no more than
about 0.005 m> of methane per kilogram of organic material
is produced during the method. In some embodiments, no
more than about 0.001 m® of methane per kilogram of organic
material is produced during the method.

The present application appreciates that exposing the
microorganisms to at least small amounts of oxygen may, in
some embodiments, limit methane production during anaero-
bic digestion. Thus, as used herein, the term “anaerobic diges-
tion” is understood to include the breakdown of organic mate-
rial with limited amounts of oxygen (as well as the absence of
oxygen). For example, anaerobic digestion can occur when
the oxygen content is sufficiently low that microorganisms
primarily (or substantially entirely) metabolize organic mate-
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rials by fermentation. In some embodiments, the microorgan-
isms are exposed to an amount of oxygen that is effective to
reduce methane production. The volume percentage of oxy-
gen gas dissolved in solution in the biomass relative to a total
volume of gas dissolved in solution in the biomass may, for
example, be at least about 2%; at least about 3%; at least about
4%; at least about 5%; or at least about 8%. The volume
percentage of oxygen gas dissolved in solution in the biomass
relative to a total volume of gas dissolved in solution in the
biomass may, for example, be no more than about 20%; no
more than about 15%; no more than about 10%; no more than
about 8%; no more than about 5%; or no more than about 4%.
In some embodiments, the volume percentage of oxygen gas
dissolved in solution in the biomass relative to a total volume
of gas dissolved in solution in the biomass is about 2% to
about 21%. In some embodiments, the volume percentage of
oxygen gas dissolved in solution in the biomass relative to a
total volume of gas dissolved in solution in the biomass is
about 2% to about 8%.

Operation 140 may be followed by operation 150, “Dewa-
tering.” In operation 150, leachate is separated from the
digested biomass obtained in operation 140. Numerous meth-
ods of dewatering are known in the art and are within the
scope of the present application. Non-limiting examples of
the method for dewatering the biomass include filtering, cen-
trifuge, sedimentation, screw press, belt-filter press, and the
like.

The dewatering may, in some embodiments, be performed
continuously or periodically during anaerobic digestion. For
example, the biomass may be filtered through a screen peri-
odically (e.g., at least daily) to separate at least a portion of the
leachate from the biomass. As another example, the biomass
may continuously contact a screen configured to slowly sepa-
rate water from the biomass (e.g., a screen with a sufficiently
small size). As discussed above, in some embodiments, water
may be added to the biomass during or after dewatering to
maintain the relative amount of organic material to liquid.

In some embodiments, the leachate removed during dewa-
tering may be received in a liquid reservoir for storing the
leachate. The leachate may be stored, for example, in the
liquid reservoir at a temperature below about 70° F. In some
embodiments, at least a portion of the leachate is recirculated
into to a biomass for further anaerobic digestion. For
example, as discussed above, a portion of the leachate in the
liquid reservoir may be combined with the organic material
when forming the slurry at operation 120. As another
example, the leachate may be directly added to the biomass
during anaerobic digestion. As discussed above, in some
embodiments, the amount of recirculated leachate can be
determined, at least in part, by the nutrient content of the
leachate (e.g., nitrogen content).

The leachate yielded during dewatering may, for example,
be a nutrient-rich liquid that is suitable for further processing
into fertilizer. The amount of nitrogen in the leachate may be,
for example, at least about 0.1%; at least about 0.2%; at least
about 0.3%; at least about 0.4%; at least about 0.5%; at least
about 0.6%; at least about 0.8%; at least about 1%; at least
about 1.5%; at least about 2%; at least about 2.5%; or at least
about 3%. In some embodiments, the amount of nitrogen in
the leachate can be at least about 0.1%. In some embodi-
ments, the amount of nitrogen in the leachate can be at least
about 0.5%. In some embodiments, the amount of nitrogen in
the leachate can be at least about 1%.

The solids remaining after dewatering may be maintained
under anaerobic digestion conditions (e.g., recirculate to a
reservoir where anaerobic digestion conditions are main-
tained), or can be received in a solids reservoir. The destina-
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tion of the solids may, in some embodiments, depend on the
frequency of dewatering and the targeted average time period
for anaerobic digestion. Solids may, for example, be received
in the solids reservoir when a desired average time period for
anaerobic digestion is achieved (e.g., the solids have been
anaerobically digested for 1 to 14 days, or any time period
disclosed above with respect to embodiments of operation
140). In some embodiments, the dewatering process may be
different depending upon the destination of the solids after
dewatering. For example, the biomass may be filtered using a
screen when it is desired to maintain the solids under anaero-
bic digestion, and the biomass may be subject to a screw press
when the solids will be placed in the solids reservoir. The
solids yielded during dewatering may, for example, be used as
volume-reduced compostable solid that may be subsequently
converted into soil amendment.

Although, preferably, most or substantially all of the
leachate in the biomass may be separated from the biomass
before solids are placed into the solids reservoir, it is appre-
ciated that at least a portion of the leachate may remain in the
solids that are placed in the solids reservoir after dewatering.
In some embodiments, at least about 40% of the leachate is
separated from the digested biomass before placing solids in
the solids reservoir. In some embodiments, at least about 50%
of'the leachate is separated from the digested biomass before
placing solids in the solids reservoir. In some embodiments, at
least about 60% of the leachate is separated from the digested
biomass before placing solids in the solids reservoir. In some
embodiments, the solids reservoir is maintained at a tempera-
ture below about 70° F.

All or a portion of the biomass may be removed from
anaerobic digestion to perform dewatering. For example,
anaerobic digestion may occur in a reservoir and the entirety
of the biomass may be removed from the reservoir when
dewatering. In some embodiments, at least a portion of the
biomass will remain for additional anaerobic digestion. The
portion of remaining biomass may provide microorganisms
for combining with a new slurry of organic material. Thus, for
example, the remaining biomass can be combined with a
slurry to perform embodiments of operation 130 for a new
batch of organic material. In some embodiments, no more
than about 90% of the biomass undergoing anaerobic diges-
tion is removed during dewatering. In some embodiments, no
more than about 80% of the biomass undergoing anaerobic
digestion is removed during dewatering.

In some embodiments, the method is performed in a closed
system. For example, the method is performed within a closed
structure that limits or controls the exchange of materials with
the structure. For example, the operations 110-150 may be
performed within a housing having a finite number of inlets
and outlet for the organic material, liquids, biogas, leachate,
solids, etc. The structure may limit the release of volatile
organic compounds, volatile fatty acids, and hydrogen sul-
fide, or prevent exposing the microorganisms to excess oxy-
gen.

In some embodiments, the method may include filtering
the biogas produced during anaerobic digestion. In some
embodiments, volatile organic compounds, hydrogen sulfide,
or volatile fatty acids are removed from the biogas. The vola-
tile fatty acids can be, for example, acetic acid, butyric acid, or
propionic acid. As one example, the anaerobic digestion may
be performed in a closed system, where biogas is released
through a carbon filter that absorbs volatile organic com-
pounds, hydrogen sulfide, or volatile fatty acids in the biogas.

FIG. 2 is a block diagram illustrating one example of sys-
tem 200 for processing organic materials within the scope of
the present application. System 200 may, in some embodi-
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ments, be configured to perform any of the methods disclosed
above (e.g., embodiments of method 100 depicted in FIG. 1).

System 200 may include comminution device 202 which is
fluidly coupled to biology reservoir 204. As used herein,
“fluidly coupled” can include any connection through one or
more conduits than allows the exchange of material between
two components. Two components may be fluidly coupled
when one or more intermediate components receive or pro-
cess a fluid that is transferred between the two components.
Comminution device 202 may be used, for example, to per-
form all or part of operation 120 depicted in FIG. 1. For
example, organic material may be provided to the comminu-
tion device, which forms particulate and optionally combines
a liquid with organic material. The comminution device may
be, for example, a grinder, crusher, a mill, rotating blade, and
the like.

Biology reservoir 204 may be used, for example, to per-
form anaerobic digestion in operation 140 as depicted in FIG.
1. Biology reservoir 204 may be a vessel or container that
stores the biomass during anaerobic digestion. In some
embodiments, biology reservoir 204 includes a mixer (not
shown) for mixing biomass in biology reservoir 204.
Examples of a mixer include, but are not limited to, one or
more rotatable blades, one or more pumps for circulating
biomass, and the like. Biology reservoir 204 may be ther-
mally coupled to heat exchanger 206 to maintain the biology
reservoir at an appropriate temperature for anaerobic diges-
tion. For example heat exchanger 206 may maintain anaero-
bic digester 204 at any of the temperature ranges described
above with respect to the method of process organic materi-
als. Heat exchanger 206 may include a heating unit and/or a
cooling unit as appropriate to maintain the temperature. In
some embodiments, heat exchanger 206 is thermally coupled
to biology reservoir 204 by circulating a fluid (e.g., water)
between the two components.

Dewatering device 208 is fluidly coupled to biology reser-
voir 204 and configured to receive biomass from biology
reservoir 204. Dewatering device 208 may be, for example,
one or more of a filter, a centrifuge, a screw press, a belt-filter
press, and the like. In some embodiments, dewatering device
208 is configured to perform embodiments of operation 150
as depicted in FIG. 1. Dewatering device 208 is fluidly
coupled to liquid reservoir 210 and configured to provide
liquid components (e.g., leachate) to liquid reservoir 210.
Dewatering device 208 is also fluidly coupled to solids res-
ervoir 212 and configured to provide solids to the solids
reservoir 212. As described above with respect to the method
of processing organic material, dewatering device 208 may
also be configured so that solids can be retained or recircu-
lated to biology reservoir 204 (not shown).

Liquid reservoir 210 may be fluidly coupled to biology
reservoir 204. In some embodiments, liquid reservoir 210 is
configured to recirculate leachate to biology reservoir 204.
Liquid reservoir 210 may also be thermally coupled to heat
exchanger 214. Heat exchanger 214 may be configured, for
example, to maintain the temperature of liquid reservoir 210
below about 70° F. In some embodiments, heat exchanger 214
is thermally coupled to solids reservoir 212 (not shown).

System 200 may include closed structure 216 that may
include biology reservoir 204, dewatering device 208, liquid
reservoir 210, and solids reservoir 212. Closed structure 216
may include a finite number of inlets and outlets for the
organic material, liquids, biogas, leachate, solids, etc. Closed
structure 216 may limit the release of volatile organic com-
pounds or prevent exposing the microorganisms to excess
oxygen. In some embodiments, closed structure 216 is
coupled to an air purifier (not shown). The air purifier may be
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configured to remove volatile organic compounds, hydrogen
sulfide, or volatile fatty acids from the biogas. In some
embodiments, the air purifier includes a carbon filter.

FIG. 3 is a block diagram illustrating one example of sys-
tem 300 for processing organic materials within the scope of
the present application. System 300 may, in some embodi-
ments, be configured to perform any of the methods disclosed
herein (e.g., method 100 depicted in FIG. 1). Components
302-314 correspond to components 202-214 in system 200
depicted in FIG. 2.

System 300 includes automatic process controller 316
(hereinafter “controller”) that is configured to execute
instructions for processing organic material. In some embodi-
ments, controller 316 is configured to execute instructions for
processing organic material according to any of the methods
disclosed in the present application (e.g., according to method
100 depicted in FIG. 1). Controller 316 may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any
other such configuration. The steps of the method described
in connection with the embodiments disclosed herein may be
embodied directly in controller 316, in a software module
executed by controller 316, or in a combination of the two.

Controller 316 may be in communication with weighing
device 318. As used herein, “in communication” can include
any configuration that permits an at least one-directional
exchange of signals (e.g., data) between two components.
Two components may exchange signals, for example, via a
wired connection, wirelessly, or through access to shared
memory (e.g., flash memory). The exchange may occur
through an intermediate device, such as a separate controller.
Weighing device 318 may be configured to provide the
amount of organic material provided for processing. Control-
ler 316 may determine an appropriate amount of liquid to
combine with organic material based, in part, on data received
from weighing device 318 (e.g., as described above with
respect to operation 120 in FIG. 1). Controller 316 may com-
bine liquids from liquid source 320 (e.g., a municipal water
line or water tank) which is fluidly coupled to biology reser-
voir 304. Flow control device 322 is in communication with
controller 316 to adjust the amount of water added when
forming a slurry. As used herein, a “flow control device” can
include a pump or valve and optionally other components
(e.g., volumetric sensors and weighing devices) that, when in
communication with a controller, can control the quantity of
material transferred between two components. Thus, in some
embodiments, controller 316 may be configured to form a
slurry according to any of the methods described above (e.g.,
control the slurry composition as described for operation 120
in FIG. 1).

Comminution device 302 may be in communication with
controller 316. Controller 316 may, for example, receive sig-
nals from comminution device 302 indicating when the
organic material has been comminuted. Flow control device
324 may be in communication with controller 316 and con-
figured to adjust a flow of organic components from commi-
nution device 302 to biology reservoir 304. For example,
controller 316 may signal flow control device 324 to provide
organic material to biology reservoir 304 when comminution
device 302 has stopped operation.

Biology reservoir 304 can be in communication with con-
troller 316. As an example, controller 316 may send signals to
control operation of a mixer. Controller 316 may apply a
pre-determined mixing protocol during anaerobic digestion



US 9,090,496 B2

13

and may adjust the mixing based on various events. For
example, longer mixing may be applied when a new slurry is
added to biology reservoir 304. As another example, mixing
can be delayed when operating dewatering device 308.

Biology reservoir 304 may also include components for
sensing various conditions during anaerobic digestion. Tem-
perature sensor 326, pH sensor 328, and quantity sensor 330
(e.g., a weighing device or volumetric sensor) are configured
to sense various properties in the biology reservoir. Each of
these sensors may be in communication with controller 316,
which may receive data concerning conditions in the biology
reservoir and take appropriate steps to maintain conditions for
anaerobic digestion. For example, controller 316 may receive
temperature conditions from temperature sensor 326. Con-
troller 316 may be in communication with heat exchanger 306
and adjust the operation parameters for heater exchanger 306
to adjust the temperature, if necessary. As another example,
controller 316 may receive pH conditions from pH sensor
328. Controller 316 may be in communication with one or
more flow control devices (not shown) for delivering pH
modifying agents to adjust pH. As another example, quantity
sensor 330 may provide the volume of material in biology
reservoir 304 to controller 316. Controller 316 may be con-
figured to add additional fluids (e.g., via one or more flow
control devices) to maintain a desired amount of liquid rela-
tive to organic material in biology reservoir 304. In some
embodiments, controller 316 is configured to maintain con-
ditions within biology reservoir 304 according to any of the
embodiments described with respect to the method of pro-
cessing organic materials (e.g., embodiments relating to
operation 140 in FIG. 1).

Flow control device 332 may be configured to adjust the
flow of digested biomass from biology reservoir 304 to dewa-
tering device 308. Flow control device 332 can be in commu-
nication with controller 316. Controller 316 may be config-
ured to control the quantity and timing of providing biomass
to dewatering device 308. Controller 316 may be configured
provide biomass to dewatering device 308 according to any of
the embodiments described with respect to the method of
processing organic materials (e.g., embodiments relating to
operation 140 and 150 in FIG. 1). Controller 316 may also be
in communication with dewatering device 308 and control the
operation of dewatering device 308.

Flow meter 334 is in communication with controller 316
and configured to provide flow measurements regarding the
leachate provided from dewatering device 308 to liquid res-
ervoir 310. Flow meter 336 is in communication with con-
troller 316 and configured to provide flow measurements
regarding the solids provided from dewatering device 308 to
solids reservoir 312.

Liquid reservoir 310 may also include various components
for sensing various conditions for the leachate. Temperature
sensor 338, nutrient sensor 340, pH sensor 341, and quantity
sensor 342 are configured to sense various characteristics of
liquids reservoir 310. Nutrient sensor 340 may, for example,
be an electrochemical sensor where electrical properties may
be correlated with content of one or more nutrients. Each of
these sensors may be in communication with controller 316,
which can receive data regarding the leachate and make
appropriate adjustments to the process. For example, if quan-
tity sensor 342 indicates liquid reservoir 310 is full, the con-
troller may stop providing biomass to dewatering device 308
using flow control device 332. As another example, controller
316 may receive temperature conditions from temperature
sensor 338. Controller 316 may be in communication with
heat exchanger 314 and adjust the operation parameters for
heater exchanger 314 to adjust the temperature, if necessary.
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As another example, controller 316 may be in communication
with pH sensor 341 and can adjust an amount leachate that is
recirculated to biology reservoir 304 based on the measured
pH of the leachate.

Liquid reservoir 310 may be fluidly coupled to biology
reservoir 304 so that leachate may be recirculated into biol-
ogy reservoir 304. Flow control device 344 may be config-
ured to adjust the flow of leachate from liquid reservoir 310 to
biology reservoir. Flow control device 344 can be in commu-
nication with controller 316. In some embodiments, control-
ler 316 may provide an amount of leachate to biology reser-
voir 304 based on the amount of organic material (e.g.,
received from weighing device 318) and nutrient content of
the leachate (e.g., received from nutrient sensor 340). Con-
troller 316 may, for example, be configured to provide an
amount of leachate to biology reservoir 304 according to any
of the embodiments for the method of processing organic
materials described herein (e.g., embodiments relating to
operation 120 in FIG. 1).

Solids reservoir 312 may also include various components
for sensing various conditions in the solids. Temperature sen-
sor 346 and quantity sensor 348 are configured to sense vari-
ous characteristics of the solids reservoir. Each of these sen-
sors may be in communication with controller 316, which can
receive data regarding the solids and make appropriate adjust-
ments to the process. For example, controller 316 may receive
temperature conditions from temperature sensor 346. Heat
exchanger 314 may be thermally coupled to solids reservoir
312 (not shown), sot that controller 316 may adjust the opera-
tion parameters for heater exchanger 314 to adjust the tem-
perature of solids reservoir 312, if necessary. As another
example, if quantity sensor 348 indicates solids reservoir 312
is full, the controller may stop providing biomass to dewater-
ing device 308 using flow control device 332.

Controller 316 may optionally be coupled to a display
screen (not shown) for displaying various characteristics of
the process. Non-limiting examples for the display screen
include a CRT monitor, an LCD screen, a touch-screen, an
LED display, and the like. Controller 316 may display char-
acteristics, such as temperature, pH, length of time for
anaerobic digestion, quantity of biomass, quantity of
leachate, quantity of solids, error messages, warning mes-
sages, and the like. Controller 316 may also be optionally
coupled to an input device, such as a keyboard, mouse, touch-
screen, etc. The input device may allow a user to adjust
various settings or variables for controller 316 that modifies
the how system 300 performs the method for processing
organic material.

In some embodiments, controller 316 may be coupled to a
communication device (not shown) for communicating with a
remote system or user. The communication device is not
particularly limited and can be, for example, a cellular
modem, a land-line modem, a wifi device, and ethernet
modem, and the like. Controller 316 may send data for system
300 via the communication device to a remote site or user. For
example, the controller 316 may send error reports when one
or more operating conditions are outside acceptable thresh-
olds. In some embodiments, a user can remotely configure or
control system 300 by sending signals to controller 316 via
the communication device.

The steps of a method described in connection with the
embodiments disclosed herein may be embodied directly in
hardware, in a software module executed by a processor, or in
a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of storage medium
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known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from,
and write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The
ASIC may reside in a user terminal. In the alternative, the
processor and the storage medium may reside as discrete
components in a user terminal.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the present invention. Various modifications to these embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and
novel features disclosed herein.

EXAMPLES

Additional embodiments are disclosed in further detail in
the following examples, which are not in any way intended to
limit the scope of the claims.

Example 1

Food waste was collected from a local grocery store, con-
sisting of produce, deli and meat scrap waste. Without sort-
ing, the food waste was ground into a slurry containing an
average particle size of less than about 0.5 cm and combined.
On the first day (Day 1), in a closed system having 500 g of
food waste, 660 g of mesophilic seed (Penford Food Ingredi-
ents, Richland, Wash.) and 500 g of deionized water were
added and the slurry was well mixed. The biology reservoir
was kept at 35 to 37° C. for 24 hours allowing the bacteria to
incubate and decompose the slurry. On Day 2, 160 mL of
leachate was dewatered through a screen press, 500 g of
ground food was added and 160 mL of deionized water was
also added. This same operation was performed on Day 3,
Day 4, Day 5 and Day 6. On Day 7, 80% of the remaining
contents of the slurry were dewatered.

The Total Kjeldahl Nitrogen (“TKN”) test was determined
using known methods (Hach Compoant, Product #TNT826)
for each leachate sample to determine the total percent weight
of nitrogen in the sample. The results are listed in TABLE 1.

TABLE 1
Day # N (% weight)
Day 2 0.75
Day 3 0.97
Day 4 0.89
Day 5 0.90
Day 6 1.00
Day 7 0.92

The nitrogen content of the leachate was effectively being
concentrated over the period from Day 2 through Day 6 and a
maximum N concentration of 1.0% being indicated on Day 6.

A trace metal analysis of the leachate was performed by a
third party chemical testing service and the results are pro-
vided in TABLE 2.
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TABLE 2

Element PPM*

Potassium (K) 2,800.00
Calcium (Ca) 1,500.00
Sodium (Na) 1,230.00
Phosphorus (P) 1,020.00
Iron (Fe) 724.00
Sulfur (S) 430.00
Magnesium (Mg) 260.00
Silicon (Si) 253

Manganese (Mn) 7.34
Zinc (Zn) 5.57
Strontium (Sr) 1.90
Tin (Sn) 0.80
Molybdenum (Mo) 0.35
Chromium (Cr) 0.34
Copper (Cu) 0.13
Cobalt (Co) 0.11
Barium (Ba) 0.04

*PPM (parts per million). Equivalent units are grams per milliliter (g/fmlL) and micrograms
per gram (ug/g).

Example 2

The same procedure was employed as in Example 1, except
for the difference of adding 700 g of water on Day 1, and 200
g of water at each point from Day 2 through Day 6. The TKN
of each dewatered leachate sample on Days 2 through Day 6
were measured and the results are listed in TABLE 3.

TABLE 3
Day # N (% weight)
Day 2 0.16
Day 3 0.37
Day 4 0.40
Day 5 0.75
Day 6 0.42
Day 7 0.35

The total nitrogen content of the leachate continued to
increase each day until Day 5 in this instance, and the overall
nitrogen concentrations measured were lower, presumably
due to the diluting effect of the additional water utilized in the
hydration model.

What is claimed is:

1. A system for processing organic materials comprising:

a comminution device fluidly coupled to a biology reser-
voir, the biology reservoir being maintained in an
anaerobic environment and containing microorganisms
suitable for performing anaerobic digestion of the
organic materials;

a first heat exchanger thermally coupled to the biology
reservoir;

a dewatering device fluidly coupled to, and downstream of,
the biology reservoir, wherein the dewatering device is
configured to at least partially separate liquid compo-
nents from a composition received from the biology
reservoir;

a solids reservoir fluidly coupled to the dewatering device
and configured to receive solid components from the
dewatering device;

a liquid reservoir fluidly coupled to the dewatering device
and configured to receive liquid components from the
dewatering device, wherein the liquid reservoir is fluidly
coupled to the biology reservoir and configured to return
liquid components to the biology reservoir;
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a second heat exchanger thermally coupled to the liquid
reservoir, configured to maintain the liquid reservoir ata
temperature below the temperature of the biology reser-
voir; and

a housing having a closed interior portion, wherein the
closed interior portion comprises at least the biology
reservoir, the solids reservoir and the liquid reservoir.

2. The system of claim 1, further comprising a weighing
device configured to weigh an amount of organic materials
provided to the biology reservoir.

3. The system of claim 1, further comprising a first water
inlet configured to fluidly couple a water source to the biology
reservoir.

4. The system of claim 3, further comprising a water res-
ervoir thermally coupled to the first heat exchanger and the
biology reservoir, wherein the water inlet fluidly couples the
water reservoir to the biology reservoir.

5. The system of claim 1, wherein the liquid reservoir is
fluidly coupled to the biology reservoir and configured to
receive liquid components from the biology reservoir and
return liquid components to the biology reservoir.

6. The system of claim 1, further comprising an air purifi-
cation system operably coupled to the interior portion of the
housing.

7. The system of claim 1, further comprising an automated
process controller configured to execute instructions for pro-
cessing organic material.

8. The system of claim 7, further comprising a first flow
control device operably coupled between the biology reser-
voir and the dewatering device, wherein the first flow control
device is in communication with the automated process con-
troller and configured via the automated process controller to
adjust a flow of a digested biomass from the biology reservoir
to the dewatering device.

9. The system of claim 7, wherein:

afirsttemperature sensor configured to measure a tempera-
ture of the biology reservoir and in communication with
the automated process controller; and
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the first heat exchanger is in communication with the auto-
mated process controller and configured to maintain the
temperature of the biology reservoir in a range of about
77° F. to about 105° F.

10. The system of claim 7, wherein:

afirst temperature sensor configured to measure a tempera-
ture of the biology reservoir and in communication with
the automated process controller; and

the first heat exchanger is in communication with the auto-
mated process controller and configured to maintain the
temperature of the biology reservoir in a range of about
120° F. to about 135° F.

11. The system of claim 7, wherein:

a second temperature sensor configured to measure a tem-
perature of the liquid reservoir and in communication
with the automated process controller; and

the second heat exchanger is in communication with the
automated process controller and configured to maintain
the temperature of the liquid reservoir at no more than
about 70° F.

12. The system of claim 7, further comprising a second
flow control device operably coupled between the water
source and the biology reservoir, wherein the second flow
control device is in communication with the automated pro-
cess controller and configured via the automated process
controller to adjust a flow of a water from the water source to
the biology reservoir.

13. The system of claim 7, further comprising a third flow
control device operably coupled between the liquid reservoir
and the biology reservoir, wherein the second flow control
device is in communication with the automated process con-
troller and configured via the automated process controller to
adjust a flow of liquid components from the liquid reservoir to
the biology reservoir.

14. The system of claim 1, wherein the second heat
exchanger is thermally coupled to the solids reservoir.
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